Introduction
Introduction
Obesity is a growing global public health problem [1] . According to the World Health Organisation, the worldwide prevalence of obesity has doubled since 1980 [2] . Obese individuals are at an increased risk of chronic diseases such as diabetes, cardiovascular diseases and cancer [2] . Furthermore, obesity has been associated with a lower health related quality of life (HRQoL) [3] . Negative effects on quality of life are more pronounced in women than men [4] . And since postmenopausal breast cancer is related to obesity [5] , and breast cancer worldwide is the most frequent cancer type [6] , this age group is a relevant population to study.
A review evaluating nine studies in postmenopausal women found that obese women report a lower HRQoL compared with their lean counterparts [7] . Lifestyle interventions inducing weight loss may therefore provide a self-evident option to improve HRQoL in an overweight to obese population. However, even though some trials observed improvements in HRQoL after reduction in body weight, others did not [8] .
Little is known about whether positive effects on quality of life are due to the weight loss or due to the related change in lifestyle [9] . Exercise seems to have a positive influence on HRQoL, also independent of related weight loss [10] [11] [12] [13] .
The Sex Hormones and Physical Exercise (SHAPE)-2 study was designed to investigate the effect of weight loss, with or without exercise, on health outcomes related to breast cancer risk in postmenopausal women. In this paper, we address the effects on HRQoL. We hypothesise that modest weight loss results in improvements in HRQoL and that effects are larger when weight loss is mainly achieved by exercise compared with an equivalent weight loss induced by diet only.
Methods
The SHAPE-2 study is a three-armed randomised controlled trial that was conducted in eight municipalities surrounding two research centres in the Netherlands from February 2012 to May 2013. Detailed methods have been described elsewhere [14] .
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In short, women were recruited from the general population by mass mailings and media attention. Inclusion criteria were ages 50-69 years; postmenopausal (>12 months after last menses); body mass index (BMI) 25-35 kg/m 2 ; an inactive lifestyle (<2 hours per week of at least moderate intensity activities, 4 metabolic equivalent (MET)). Main exclusion criteria were use of sex hormones; diabetes; smoking; ever diagnosed with breast cancer or other cancer types in the past five years.
All women started with a four to six-week run-in period, wherein a standardised diet was prescribed aiming to stabilise body weight and achieve similarity in diet composition among the study participants [14] . The run-in diet was based on the Dutch Guidelines for a Healthy diet (50%-60% carbohydrates, 15%-20% proteins and 20%-35% fat) [15] . The total amount of calories prescribed meets the individuals energy requirements to maintain stable weight, based on a dietary history, energy calculation by the Harris & Benedict formula [16] and physical activity level. In the intervention period, 243 women were randomised by computer, stratified for municipality to a diet group (n = 97); an exercise group (n = 98) or a waiting list control group (n = 48). The computer software randomized in block sizes of five with a ratio of 2:2:1 for both intervention groups and control, respectively. The aim for women in both intervention groups was to lose 5-6 kg of weight. After the weight loss target was reached, or after a maximum of 14 weeks, women entered a maintenance period wherein stable weight was aimed for.
Ethics Statement
The study was approved by the ethical committee of the University Medical Center Utrecht. Written informed consent was obtained during the screening visit from all participants.
Interventions
The diet group intervention consisted of an energy restricted diet (-500 kcal/day). Dietary composition was comparable to the run-in diet. The diet intervention was provided by a dietitian and consisted of two individual 30 minutes sessions, five one-hour interactive group sessions and eight follow-up telephone calls. The sessions consisted of nutrition education, behaviour change techniques and self-management training [17, 18] . Women were requested to maintain their habitual physical activity level.
The exercise group followed a 16-week combined aerobic and strength exercise programme. The programme consisted of four hours per week moderate-to-vigorous intensity exercise, resulting in an estimated average energy expenditure of 350 kcal/day. Per week, two one-hour fitness group sessions at a physiotherapist centre were scheduled (60%-95% of the heart rate reserve (HRR)) and two additional hours of Nordic walking (60%-65% HRR). Participants in the exercise group also received an energy intake restriction of -250 kcal/day during the weight loss period and diet composition was also comparable to the run-in diet. During the maintenance period, women continued exercising and their diet was adjusted to meet their energy needs in order to keep their weight stable.
Women in the control group were requested to retain their body weight by continuing the run-in diet and to maintain their habitual exercise level. Controls were offered an alternative weight loss programme after completion of the study.
Outcomes and measurements
Study participants visited the research centre for measurements at baseline (i.e. randomisation) and after 16 weeks of intervention. Information on sociodemographic variables and general health were assessed by questionnaires. Anthropometric measures were taken according to standard procedures. A total body dual-energy X-ray absorptiometry (DEXA) scan (Lunar, Prodigy) was performed to measure body composition (fat and lean mass). Current level of physical activity was measured by the SQUASH questionnaire. The SQUASH is a short questionnaire assessing habitual physical activity during a normal week over the past few months. The questionnaire measures physical activity in the following domains: commuting activities, household activities, leisure-time and sports activities, and activities at work and school. The SQUASH is fairly reliable and reasonably valid in ordering adults according to their level of physical activity and has a Spearman correlation for overall reproducibility of 0.58 (95%-CI 0.36-0.74) in adults [19] .
Cardio respiratory fitness, expressed as VO 2peak , was measured by performing a maximal cycle exercise test. VO 2peak is described as the highest 15-second average of VO 2 uptake at the end of the test period.
HRQoL was assessed by the 36-item Short-Form Health Survey (SF-36) [20] . The SF-36 is a generic questionnaire to measure health status and consists of eight dimensions: physical functioning (10 items); role limitations by physical problems (4 items); bodily pain (2 items); general health perceptions (5 items); vitality (4 items); social role functioning (2 items); role limitations by emotional problems (3 items) and mental health (5 items). For each dimension, a weighted total score is calculated, ranging from 0 to 100. A higher score on the scale indicates a better health status [20] . Based on the 8 domains, two component summary scores are calculated, i.e. the Physical Component Score (PCS, first 5 domains) and a Mental Component Score (MCS, last 5 domains) [21] . The domain 'vitality' and 'general health' are both included in the PCS and MCS. The scores are sex-standardised and represent health scores of, in our case, the Dutch population with a mean of 50, and a standard deviation of 10. For example, a PCS score of 60 indicates that physical health is improved with one standard deviation in our study population compared to the general female population.
An additional question in the SF-36 is on 'health change' (1 item) and is not included in the summary scores. It asks participants to report on their self-perceived health by comparing it to one year ago [20] . The range is from 0 to 100, and a score of 50 means no change in perceived health. A score below 50 denotes deterioration, while scores over 50 represent improvement.
Domains of the SF-36 have a high internal consistency: Cronbach's α range from 0.71 to 0.93 in a Dutch population [22] and were over 0.8 in an elderly population [23] . The construct validity ranges from 0.31 to 0.71 [22] .
Statistical analyses
Sample size calculations were based on the primary outcome of the SHAPE-2 trial, i.e. serum estradiol [14] . Descriptive statistics are presented as mean and standard deviation or median and interquartile range. The main analyses are performed according to the intention-to-treat principle. Complete cases, i.e. women who filled in a questionnaire both at baseline and endof-study, are included and presented. A paired T-test was used to compute within-group differences. Linear regression analysis was used to investigate between-group differences in SF-36 scores per domain and were adjusted for the baseline SF-36 score. Regression coefficients (β) with 95% confidence intervals (95%CI) are presented. Estimates of effect sizes by Cohen's d were calculated for the regression coefficients. Cohen's d represents the standardised mean difference between two group means. An effect size of 0.5 therefore indicates that the group mean was 0.5 standard deviations higher than the reference group, i.e. the control group, or the diet group in the comparison exercise versus diet [24] . Values below 0.2 are considered small, around 0.5 are considered medium, and large when over 0.8.
Additional analyses were done to study effects of weight loss and change in fitness (as independent variables), regardless of the group assignment. Results are presented as standardised regression coefficients (St-b), representing the effect of change in one standard deviation (SD) of change in weight of fitness, on the change in SDs of HRQOL. Bi-variable and multivariable regression analyses were used. Multivariable models were adjusted for intervention group, age, education, baseline weight and baseline SF-36 score (model 2). Additionally, the model was adjusted for change in physical fitness (VO 2peak ) or change in weight (depending on the determinant of interest, i.e., change in weight or physical fitness, respectively) (model 3).
All analyses were performed using SPSS software (version 21.0). An alpha level of 0.05 for two-sided tests was chosen as significant.
Results
In total, 243 women were randomised (Fig 1) of which complete case HRQoL data of 214 (88.1%) women was available and used for the current analysis. Participants were on average 60 years old, had a body weight of 80 kg and had a BMI of 29.2 kg/m 2 ( Table 1 ). There were no differences in baseline characteristics between the study groups. The results of the SHAPE-2 trial on body composition and fitness will be published separately. In short, the diet and the exercise group both lost the aimed body weight (-4.9, 95%CI -5.4 to -4.4, and -5.5 kg, 95%CI -5.9 to -5.1, respectively), while the control group remained weight stable (+0.06 kg, 95%CI -0.34 to -0.46). Body fat percentage changed by -4.1% (95%CI -4.6 to -3.7) in the exercise group, by -2.5% (95%CI -3.0 to -2.1) in the diet group and by +0.2% (95%CI -0.2 to 0.6) in controls. Fitness (VO 2peak ), increased significantly in the exercise group (+119 mL/min, 95%CI 80.5 to 157.0), and showed non-significant decreases with diet (-44.9 mL/min, 95%CI -82.5 to -7.4) and control (-78.6 mL/min, 95%CI -133.3 to -23.8). Moderate to vigorous physical activity according to the SQUASH questionnaire also increased in the exercise group by 222 min/week (95% CI 43;401) compared to control and by 304 (95% CI 158;451) compared to diet. The median number of group sessions attended by women in the diet group was four (out of five offered). In the exercise group, the median attendance of all exercise sessions was 84%. No serious adverse events occurred.
Intervention effects on HRQoL domains
Baseline domain scores of the SF-36 were comparable in the three study groups (Table 1) . At baseline scores for physical functioning, role physical and role emotional were slightly higher in the control group compared with both intervention groups.
Except for health change, no significant differences in change in HRQoL were observed when comparing the intervention groups to control ( Table 2 ). Only self-perceived health (domain health change) increased significantly in both intervention groups versus control (regression coefficient (β) = 8.8, 95%CI 1.5 to 16.1, for diet and β = 20.5, 95%CI 13.2 to 27.7, for exercise). The improvement was larger in the exercise group when directly compared to diet (β = 11.7, 95%CI 5.9 to 17.4). Also for all other domains, the exercise group showed larger improvements when compared with the diet group, except for general health. However, none of these differences were statistically significant.
The effect sizes of differences in HRQoL between the study groups were small to medium for all SF-36 domains, except for health change which had medium to large effect sizes for all comparisons, with the largest effect size in the exercise group versus control of 1.18.
Associations between change in weight or physical fitness and change in HRQoL in the total study population Both weight loss and an increase in fitness level were significantly associated with an increase in health change score (Tables 3 and 4 ) (St-b = 0.4, 95% CI 0.3 to 0.5, and St-b = 0.3, 95%CI 0.1 to 0.4, respectively, in the unadjusted models (model 1)). After adjustment for covariates, these associations slightly attenuated but remained significant.
Although the coefficients of both change in weight and change in fitness were pointing in the hypothesised direction for the physical and mental component summary scores (i.e. weight loss and increased physical activity increase summary scores), the effects were small and not statistically significant.
Discussion
We investigated the effects of comparable exercise-and diet-induced weight loss (6%-7%) on HRQoL, among overweight and inactive postmenopausal women. Only self-perceived health status improved in comparison to one year ago (referring to the period before study enrollment). The effect is medium to large, according to Cohen's d, and statistically significant in both intervention groups versus control. Moreover, the improvement was significantly larger in the exercise group when compared to diet. Although most domains of HRQoL improved with diet and exercise, and improvements were on average larger in the exercise group, none of these improvements were statistically significant and effects were small to medium according to Cohen's d effect size. A meta-analysis by Warkentin et al. evaluated 53 RCTs wherein weight loss was induced by several modalities in different types of populations [8] . They concluded that weight loss may women who filled in a questionnaire both at baseline and follow-up, baseline scores may differ from the baseline scores as presented in Table 1 . n = 214 (88.1%) (control group, n = 39; diet group, n = 87; exercise group, n = 88). Analyses were according to the intention-to-treat principle in all complete cases by linear regression with adjustment for the baseline SF-36 domain score. NOTE 2. The eight SF-36 domain scores range from 0 to 100, a higher score on the scale indicates a better health status. The score of the domain 'health change' ranges from 0 to 100, a score of 50 means no change in perceived health, a score <50 denotes deterioration and >50 improvement. The summary scores PCS and MCS are sex-standardised and represent health scores of the Dutch population with a mean of 50, and a standard deviation (SD) of 10. For example, a PCS score of 60 indicates that physical health is improved with one SD in our study population compared to the general female population.
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increase physical, but not mental health. However, the authors concluded that compelling evidence for the association between weight loss and HRQoL is still lacking as many studies, in line with our results, do not find significant effects of weight reduction [8] .
We only observed an effect on self-perceived health (domain health change). There is limited information on the psychometric properties of this single question. One study showed the item to be capable to better detect changes in general health than purely physical or mental aspects of health [25] . Another research concluded that this single question reflects SF-36 outcomes well at a group level [26] .
In our research, all other domains of the SF-36 showed small to moderate and non-significant results. This might have been caused by including women with relatively high QOL scores at baseline, leaving little room for improvement. This ceiling effect may limit generalizability of the results, which is a limitation for the study. Intervention studies in older women with physical impairments show generally lower baseline HRQoL scores and weight loss results in better improvements [27, 28] . Furthermore, despite its validation, the SF-36 is a generic HRQoL questionnaire which might not be specific enough to detect subtle changes in our study population. The strengths of this study are the randomised controlled design and the relatively large study population. Furthermore, there was high adherence in both intervention groups to the different weight loss programmes. Moreover, the design enabled us to study effects of different intervention methods, because the amount of weight loss was comparable in both groups.
Our weight loss, though, was rather modest, but some trials found small but significant effects on HRQoL after modest weight loss in a population of healthy postmenopausal women [29] [30] [31] [32] [33] .
Two large RCTs, the NEW trial [29] and a trial by Villareal et al. [32] , investigated the individual and combined effects of a hypocaloric diet and/or exercise interventions on HRQoL during one year in healthy older women. In both trials improvements in HRQoL were observed in the intervention groups that concordantly lost body weight, that is, the diet-only and combined diet and exercise intervention group.
In the NEW trial, the combined diet and exercise intervention group showed improvements in five SF-36 domain scores, while the diet-only group only improved in two domains including vitality and mental health [29] . In contrast to our current study the NEW trial did not aim for a specific and equivalent weight loss across the intervention groups. This combined intervention group lost approximately -9 kg (-10.8%) body weight while the diet-only lost -7 kg (-8.5%). In the exercise only intervention group of the NEW trial (-2 kg, -2.4% weight loss) no effects were observed on HRQoL.
Villareal et al. reported on the effects of the interventions on the Physical and Mental Component Summary scores only. Both the diet and combined diet plus exercise groups achieved a weight loss of 9-10% and showed the same significant improvement in the PCS of the SF-36 [32] . No effect of either of the study interventions was seen on MCS. In the SHAPE-2 study we had a slightly smaller weight loss (6%-7%) and the duration of our intervention was much shorter (16 weeks compared to one year) which could also explain the different results.
Even though some studies showed that exercise even without concurrent weight loss may increase HRQoL [10] [11] [12] [13] , the above trials did not find effects in the exercise only group or additional effects of exercise when weight loss was reached [29, 32] .
In a non-randomised study among 298 overweight women, aged 50-75 years, it was tried to investigate the individual contribution of weight loss and change in physical fitness to change in HRQoL [30] . After a 6-month lifestyle treatment for obesity, approximately 9 kg body weight (9.5%) was lost and physical fitness (measured by a 6-minute walk test) increased by 5.5%. Weight loss appeared to contribute significantly to improvements in seven out of nine HRQoL domains, while physical fitness did not further improve HRQoL, not even in the domain health change. In our study, the effects of weight loss were slightly higher when compared to fitness, which suggestively supports the findings of Ross et al [30] . However, the difference between the influence of these parameters on HRQoL is rather small. Furthermore, for the domain health change, both parameters contributed significantly. We, therefore, conclude that both change in weight and fitness contribute to effects on HRQoL.
To conclude, our study showed that modest weight loss of 6%-7% resulted in a positive change in self-perceived health status in a population of healthy overweight and obese, inactive, postmenopausal women. This change was significantly larger when weight loss was achieved mainly by exercise compared with equivalent weight loss by diet alone, indicating an effect of exercise beyond weight loss. Furthermore, there was a tendency towards improvements in HRQoL in physical and mental SF-36 domains in both intervention groups, which were most pronounced in the exercise group.
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